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TITLE OF THE INVENTION 

OPTICAL PICKUP 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The JZ Ration is a continuation applied o f 
0 s Application Serial No. 09/559,360, filed *rll «• 2 °°° 
andcl aims the benefit of priority under 35 USC 11, of 
Jap anese Patent Application No. 11- — , filed on 
April 2S, 1,,,. and aapanese Patent Application No. 11 — *. 
fil e d on May 10, 1999. the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The prese nt invention relates to an optical picKup in 
which an optical element having a function for 
numerical aperture, for example, a SIL (Solid Immers! 
or th e li k e, is disposed close to a recording med.um to 
perform records and/or reproduce of infor.at.on on 
recording medium at a high density. 

.apanese Patent Publication No. 2,553,2,5 discloses an 
opt ical system which is capable of performing recording ^ or 
producing of information on a recording medium. In 
conventional optical system, converging light from an 
obj ective lens is further converged through a 

of the recording medium is reduced. The semi- spherical SIL 
increases the numerical aperture of the optical system by a 
.ultiple corresponding to its own refractive index. 



_ . i*— record - — - ° ! 

M tM « - — « - ^ - 

h .lose to the recording layer. The 
a ^v.srical SIL in much close to 

spherical recording layer is 

distance from the semi-spherical SIL 

sig «ly small as compared with the distance « - 

ob ective lens to the recording layer in a conventional 

ration recording and reproducing technic of anot h 

kind in which light converged hy only the elective , 

P r 0j ected through a front side surface of such a record 

Id um as a CD (Compact OisC or a MO (Magnetic 1 «o) 

H'no layer on a back side surface thereof to 
onto a recording layer 

perform recording and reproducing of information on 

,. na layer F or this reason, the recording and 
th e recording layer. ^ ^ ^ ^ 

reproducing technigue using the is 

recording and reproducing technigue, while the rec g 
reproducing technigue using only the elective lens 
as a far field recording and reproducing technigue. 

paces 99 to 105, issued on June 16, 
Nikkei Electronics, Pages 
1997 (N o. S91, has disclosed improvement for such a near 
recording and reproducing technic Xn the improved near 
field recording and reproducing technic a super semi- 

■ _ ctt -is used instead o£ 

• same by a multiple egual to the 

optical system using the same oy 

„f t-he refractive index thereof, 
second power of the reira 
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3154 o< haB ai.do.-d .» pic*»P - * — 

m uch close to a thin oover glass whi 

r,f the recording medium, 
surface of the techniques described 

in the plurality of the conventional 

<->,o cTT. it is necessary to bring 
using the sib, i>- " . 

i »r in a typical example, the SIL is 
to the recording layer. In W 

nought in close to the recording layer up to lea 

or less or.OOnmorless. Incidentally, the numerical 

. sed by a lens with a high numerical aperture is 

anerture increased by a ieii» 
P In recent years, a technique for 

at least O.SS or more. 

increasing the numerical aperture to 0.8 to 
been published in relevant academic meetings. 

However, in the above-mentioned conventional near field 

. , hprP are the following 

re cording and reproducing techniques, there 

pr ° blemS ' fhp fr ont side surface of 

Though the recording layer on the front 

the recording medium is covered with a thin transparent 

, flr j. lq dusts and the HKe m 
materials, dus Accordingly, when 

front side surface of the protective film 

j • ^vrlPr to perform recording 
the recording medium is rotated in order P 



and/or reproducing of information on the recording layer on 
the front side surface of the recording medium in a state 
where the BXL has been brought in much close to the recording 
surface on the front side surface of the recording medium, 
contaminant is scattered by a centrifugal force acting thereon 
and the contaminant is adhered and deposited on the SIL. 
Particularly, the contaminant which has been scattered from 
the protective film of the recording medium is adhered and 
deposited on a facing surface of the SIL facing the protective 
fil.. When the adhesion and deposition of such contaminant on 
to an optically effective area on the facing surface of the 
SIL become heavy, the transmittance of laser beam on the 
optically effective area is gradually decreased (the optical 
performance of the SIL is gradually lowered), so that it 
becomes difficult to record information on and/or reproduce it 
from the recording surface of the front side surface of the 
recording medium for a long time of period. 

BRIEF SUMMARY OF THE INVENTION 
The present invention has been derived from these 
circumstances, and an object of the present invention is to 
provide an optical pickup which prevents an optical 
performance of an optical element, such as a lens with a high 
numerical aperture, including a SIL and disposed close to a 
recording layer of a recording medium from lowering due to 
adhesion and deposition of contaminant onto the optical 
element even under use for a long period of time, and which 
can stably perform recording and/or reproducing of information 
on a recording medium for a long period of time. 
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in order to achieve the object of the present invention, 
an optical pickup according to the present invention 
comprises: a light source for emitting laser beam; an optical 
sys tem for converging the laser beam fro, the light source; 
and an optical element having a function for increasing a 
numerical aperture of the optical system, wherein recording 
and/or reproducing of information on a recording medium ,s 

t ne optical element is hrought in contact with or brought in 
dose to the recording medium, and the optical element has 
a contamination-preventing structure. 

in the optical pickup according to the present invention 
and structured as described above, the contamination- 
eventing structure of the optical element may include a 
water-repellent portion which is provided on at least an 
optically effective area in a surface portion, facing the 
recording medium, in the optical element and prevents 
contaminant from adhering and depositing on the at least 
optically effective area, it may include a contaminant 
attracting portion which is provided on an area except the 
optically effective area in the surface portion, facing the 
recording medium, in the optical element and attracts 
contaminant, or it may include a projection which is provided 
on at least the optically effective area in the surface 
portion, facing the recording medium, in the optical element 
and increases flow rate and pressure of air flowing between 
the recording medium and the projection. 

The water-repellent portion may have a coating of a 
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predetermined water-repellent material, and may have an ion 
implanted layer formed by implantation of predetermined ions. 

The predetermined water-repellent material may be 
inorganic material or organic material. 

Also, the predetermined ion may be selected from one or 
m ore of at least nitrogen, carbon, fluorine, and silicon. 

Furthermore, the optical element is a solid immersion 
lens (SID • 

The contaminant attracting portion may include a rough 
surface which is rougher than the optically effective area in 
the surface portion, facing the recording medium, of the 
optical element or a plurality of grooves, and the rough 
surface may be formed by performing chemical etching or 
physical etching on the area, except the optically effective 
area, in the surface portion, facing the recording medium, of 

the optical element. 

The contaminant attracting portion may be combined with a 
water-repellent portion provided at the optically effective 
area in the surface portion, facing the recording medium, of 

the optical element. 

The contaminant attracting portion may include a thin 

film of metallic oxide. 

Additional objects and advantages of the invention will 
be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 



hereinafter . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated in and 
constitute a part of the specification, illustrate presently 
preferred embodiments of the invention, and together with the 
g eneral description given above and the detailed description 
of the preferred embodiments given below, serve to explain the 
principles of the invention. 

,10. 1 is a schematic view of an overall structure of an 
optical system in an optical pickup according to a first 
embodiment of the present invention; 

FIG. 2 is a schematic enlarged side view of a semi- 
spherical SIL which is employed as an optical element in the 
optical system shown in FIG. 1 to increase a numerical 
aperture of the optical system; 

F IG. 3 is a schematic side view of a first modification 
of the semi-spherical SIL shown in FIG. 2, wherein the other 
ar ea than an optically effective area of its surface portion 
facing the recording medium is beveled; 

FIG. 4A is a schematic side view of a second modification 
of the semi-spherical SIL shown in FIG. 2, wherein the other 
are a than the optically effective area of its surface portion 
facing the recording medium is set back; 

FIG. 4B is a perspective view, seen from below, of the 
set back of the semi-spherical SIL of the second modification 

shown in FIG. 4A; 

FIG. 5 is a schematic side view showing a state in which 

•„ wtp ? is used for a recording 
the semi-spherical SIL shown in FIG. 2 is use 
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medium whose recording layer is covered with a transparent 

protective film; 

FIG. 6 is a schematic enlarged side view of a semi- 
spherical SIL which is employed as an optical element of an 
optical system of an optical pickup according to a second 
embodiment of the present invention to increase a numerical 
aperture of the optical system; 

FIG. 7A is a schematic side view of a first modification 
of the semi -spherical SIL employed as the optical element in 
the optical pickup of the second embodiment of the present 
invention; 

FIG. 7B is a schematic bottom view of the first 
modification shown in FIG. 7A; 

FIG. 8A is a schematic side view of a second modification 
of the semi-spherical SIL employed as the optical element in 
the optical pickup of the second embodiment of the present 
invention; 

FIG. 8B is a perspective view, seen from below, of the 
second modification shown in FIG. 8A; 

FIG. 9A is a perspective view, seen from below, of a 
third modification of the semi -spherical SIL employed as the 
optical element in the optical pickup of the second embodiment 
of the present invention; 

FIG. 9B is a perspective view, seen from below, of a 
fourth modification of the semi -spherical SIL employed as the 
optical element in the optical pickup of the second embodiment 
of the present invention; 

FIG. 10 is a schematic side view of a fifth modification 
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tt. optid pi** o £ *. -oond —i— - a- 
invention; and 

FIG xx is a schematic side view showing a state in which 
the semi-spherical SIX, is used for a record medium whose 
sordine surface is covered wit, a transparent protects 

fUm ' Referring to the above accompanying drawings, the optical 
picKups according to some events and modifications 
th ereof according to the present invention will now he 

described in detail. 

DETAILED DESCRIPTION OF THE INVENTION 

[First Embodiment] 

M sptid pic*up accord to . fir.. —1-' <* *» 

FIGS. 1 and 2. 

As sh own in FIG. X, an optical pickup 10 of the first 

source (a semiconductor laser) 12 
embodiment comprises a light source 

me of emitting a laser beam, an optical system 
which is capable of emitting <x 

• na the laser beam emitted from the light source 
14 for converging the lasei 

12 and an optical element 16 having a function which 
incr eases a numerical aperture of the optical system 14. 

to a recording layer 18a of a recording medium IS, the optical 
pick up 10 promts the laser beam from the light source 12 on 
the recording layer 18a of the recording medium 18 via the 
optical system 14 and the optical element 16 thereby 
performing recording and/or reproducing information on the 
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recording layer 18a. 

in this embodiment, the recording medium 18 has a disk- 
11k. shape and is rotated at a predetermined speed in a 
predetermined direction during performing recording and/or 
reproducing information on the recording layer 18a. 

More specifically, the optical system 14 comprises a 
collimator lens 20 for converting the laser beam from the 
light source 12 into a parallel beam, a relay lens 22 for 
converging the parallel beam from the collimator lens 20, an 
optical deflection element 24, such as a galvanomirror , for 
scanning the laser beam converged by the relay lens 22 rn a 
predetermined opposite directions denoted by R, an imaging 
lens 26 for converting laser beam reflected by the optical 
deflection element 24 and diverging to a parallel beam, a ■ 
reflecting mirror 28 for directing the parallel laser beam 
f rom the imaging lens 26 towards the recording layer 18a of 
the recording medium 18, and an optical head 30 disposed in 
the vicinity of the recording layer 18a of the recording 
me dium 18, for projecting the parallel beam from the 
reflecting mirror 28 on the recording layer 18a of the 

recording medium 18. 

The optical head 30 includes an objective lens 32 for 
converging the parallel beam from the reflecting mirror 28 and 
the optical element 16 described above. The optical element 
16 has a semi-spherical BIL (solid immersion lens, for further 
converging the laser beam focused by the objective lens 32 to 
reduce a diameter of a spot formed on the recording layer 18a 
of the recording medium 18. It is widely Known that the 
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semi-spherical SIL having a higher level of refractive index 
functions to increase the numerical aperture of the optical 
system 14 in the optical pickup 10. That is, the semi- 
spherical SIL is a kind of high numerical aperture lens. 

The optical system 14 further has a beam splitter 34 
disposed in an optical path between the collimator lens 20 and 
the relay lens 22. The beam splitter 34 allows the parallel 
beam running from the collimator lens 20 to the relay lens 22 
to pass therethrough and branches the parallel beam running 
from the relay lens 22 to the collimator 20. In other words, 
the reflected laser beam which has reflected on the recording 
layer 18a of the recording medium 18 and returned to the relay 
lens 22 along the aforementioned optical path reversely is 
branched from the optical path by the beam splitter 34. 

The optical system 14 further comprises a light-receiving 
element 36 for receiving the reflected laser beam branched by 
the beam splitter 34 and outputting an electric signal 
according to change of a light-receiving position and an 
amount of received light (that is, a tracking state detection 
signal and an information recording signal and/or an 
information reproducing signal on the recording layer 18a of 
the recording medium 18) . 

It is necessary for the optical pickup 10 to move the 
optical head 30 relatively along the recording layer 18a in a 
radial direction of the recording medium 18 when the recording 
and/or reproducing information is performed on the recording 
surface 18a of the recording medium 18. A mechanism for this 
relative movement has a swing arm system and a linear movement 
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system. Both of the systems are applicable to the optical 
pickup 10 of this embodiment. 

By such a relative movement, the spot of the converged 
laser beam projected from the optical element 16 of the 
optical head 30 to the recording layer 18a of the recording 
me dium 18 can be moved along a predetermined track on the 
recording layer 18a (rough tracking control) . The position of 
the spot relative to the predetermined track during the rough 
tracking control is finely adjusted by rotating the 
galvanomirror 24 in the opposite directions denoted by the 
arrow R (fine tracking control) . 

As described above, while the recording medium 18 rotates 
at a predetermined speed in a predetermined direction, the 
optical element 16 of the optical head 30 disposed over the 
recording layer 18a of the recording medium 18 is slightly 
floated from the recording layer 18a of the recording medium 
18 b y a layer of air flowing at high speed with the recording 
layer 18a of the recording medium 18, and stabilized. Thus, 
since the spot of the converged laser beam projected from the 
optical element 16 towards the recording layer 18a is stably 
focused onto a predetermined track on the recording layer 18a, 
it is unnecessary to carry out a focusing control for 
controlling a converged position of the above spot relative to 
the predetermined track in a direction along an optical axxs 
of the converged laser beam projected from the optical element 
16 to the recording layer 18a. 

The optical element 16 of the optical pickup 10 of this 
embodiment further includes a contamination-preventing 
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structure for preventing any contaminant (for example, 
moisture, organic materials, or dusts in the air) from 
attaching to the optical element 16 and decreasing the optical 
properties of the optical element 16, so that the optical 
pickup 10 can be operated stably to perform recording and/or 
reproducing information on the recording layer 18a of the 
recording medium 18 for a long period of time. 

The semi -spherical SIL constituting the optical element 
16 in this embodiment may preferably be formed of an optical 
glass manufactured by OHARA INC. of Sagamihara-shi, Kanagawa 
prefecture, in Japan and available in the trade name of TIH53 . 
A water-repellent portion 40 which is capable of preventing 
adhesion of contaminant is provided in at least an optically 
effective area F of a flat surface facing the recording layer 
18a of the recording medium 18, in the optical element 16. 

The optically effective area F on the optical element 16 
is a central area in the flat surface portion facing the 
recording layer 18a of the recording medium 18, of the optical 
element 16, which is used for further converging the laser 
beam converged by the objective lens 32 through the optical 
element 16 to focus on the recording layer 18a of the 

recording medium 18 . 

in this embodiment, the water-repellent portion 40 is 
formed by performing a water-repellent process on the entire 
of the flat surface of the optical element 16 including the 
optically effective area F. 

For example, as the water-repellent process a method for 
coating inorganic material on the surface of the optical 
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element 16 facing the recording medium IB with a predetermined 
thickness can he applied. In the following Tahle 1. various 
inorganic coating materials exhibiting the contamination- 
preventing effect which is the object of the present invention 
are shown. For example, vapor deposition, spattering, ion 
gating or the like can be selected for the coating method. 
Al so, a thickness of the coating is preferably set to a range 

of about 10 nm to about 50 nm. 

Table 1 





Coating material 


Contaminant 

preventing 

effect 


Example 1 


Maqnesium fluoride 


Yes 


Example 2 


Graphite fluoride 


Yes 


Example 3 


Lanthanum fluoride 


Yes 


Example 4 


Nitride silicon 


Yes 


Example 5 


Silicon nitride 


Yes 


Example 6 


Silicon Carbide 


Yes 


Comparative 
material 


Silicon oxide 


Non 

- ■ 



incidentally, for example, fluoride such as MgF 2 , 
gra phite fluoride or the like, nitride such as Si* or the like 
and carbide such as SiC or the like other than the inorganic 
materials shown in Table 1 can exhibit the contamination- 
preventing effect which is the object of the invention, and 
t nese materials can be coated on the surface facing the 
recording medium 18, of the optical element 16 by deposition, 
spattering, ion plating or the like. 

The degree of the contamination-preventing effect 
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corresponds to the degree of the water-repellent performance, 
and the degree of the water-repellent performance can define a 
contact angle of water. On a surface of glass material which 
is normally used for forming a lens and on which the water 
repellent process is not performed or merely in organic 
material is coated as an ordinal scratch protective film, the 
contact angle of water is in a range of 0- to about 30- (when 
the in organic material is silicon oxide which is shown as the 
comparative material in the above Table 1, the contact angle 
of water is 10" or less), and these materials have no water- 
repellent performance. On the other hand, on the water- 
repellent portion 40 in the present embodiment, the contact 
angle of water is 60- or more, preferably 90- or more. Thus, as 
the contact angle is larger, the degree of the water-repellent 
performance becomes higher, so that the degree of the 
contamination-preventing effect is elevated. 

Also, as the water-repellent property of the water- 
repellent portion 40 increases, the coefficient of friction 
between the recording surface 18a of the recording medium 18 
and the surface portion of the optical element 16 positioned 
on the side of the recording medium 18 is decreased. Thus, 
since the slidability of the surface portion of the optical 
element 16 positioned on the recording medium side of the 
optical element 16 relative to the recording layer 18a of the 
recording medium 18 is improved, scattering of contaminant 
from the recording layer 18a of the recording medium 18 
becomes small, even if the surface portion of the optical 
element 16 positioned on the recording medium side of the 
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optical element 16 contacts with the recording layer 18a. 

Further, since the coating method is applied to the 
water-repellent treatment, the water-repellent portion 40 is 
formed at once, thereby increasing the productivity and the 
stability of quality of the optical element 16. 

According to this embodiment, since the water-repellent 
portion 40 is provided on at least the optically effective 
area F of the surface portion of the optical element 16 
positioned on the recording medium side of the optical element 
16, contaminant scattered from the recording medium 18 which 
is rotated at high speed during performing recording and/or 
reproducing information will not attach to and deposit on at 
least the optically effective area F. As a result, the 
optical properties of the optical element 16 can not be 
reduced due to any contaminant so that the optical pickup 10 
can stably perform recording and/or reproducing information on 
the recording layer 18a of the recording medium 18 for a long 

period of time. 

While the present invention is not limited to the above 
embodiment, some modifications as described below may be 
possible . 

in the aforementioned embodiment, the water-repellent 
portion 40 is provided on the entire recording medium side 
surface of the optical element 16, however, the same effects 
as those of the above embodiment can be obtained even though 
the water-repellent portion 40 is only provided on the 
optically effective area F in the surface portion of the 
optical element 16 positioned on the recording medium side of 



17 



the optical element 16. 

Material which are used to provide the water-repellent 
portion 40 in at least the optically effective area F of the 
surface portion of the optical element 16 positioned on the 
reC ordin g medium side of the optical element 16 by the various 
coating methods described above, are not limited to materials 
shown in Table 1 in the above embodiment. It may be 
selectable from various materials, such as DLC (Diamond Like 
Carbon) , which have the water-repellent effect and are capable 
to be provided on at least the optically effective area F in 
the surface portion of the optical element 16 positioned on 
the recording medium side of the optical element 16. 

Further, it is effective, in view of the optical 
properties of the optical element 16, that a coating layer for 
anti-reflection effects or polarization properties is provided 
as an under layer for the water-repellent portion 40 on the 
surface portion of the optical element positioned on the 
recording medium side of the optical element 16. However, if 
the thickness of the layer of the water-repellent portion 40 
is controlled to be, e.g., 1/4 of the wavelength . of the 
Xaser beam which passes through the water-repellent portion 40 
of the optical element 16, the same optical properties as 
those in the case that the underlying layer is provided on the 
optical element 16 can be obtained even though the underlying 
layer is not provided. 

That is, even in the case that various surface coating 
for adding various optical properties are provided on at least 
the optically effective area F of the surface portion of the 
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optical element 16 positioned on the recording medium side of 
the optical element 16, when the water-repellent portion 40 is 
provided on the outermost surface coating in these various 
surface coatings, the optical element 16 shows various optical 
properties described above while the same effects as those in 
the first embodiment can be obtained. 

in the above embodiment, the water-repellent portion 40 
is formed by the coating method, however, the water-repellent 
portion 40 which shows the same effects as those in the above 
em bodiment can be constituted even by using ion implantation 
method. 

in the ion implantation method, ions such as nitrogen 
ions, carbon ions, fluorine ions, or a combination of silicon 
ions and carbon ions is implanted in the at least optically 
effective area F of the surface portion of the optical element 
16 positioned on the recording medium side of the optical 
element 16 to form an ion implanted layer with a predetermined 
thickness which constitutes the water-repellent portion 40. 
The thickness of the ion implanted layer is preferably set 
within a range from several nm to about one hundred nm. 

The water-repellent treatment by such ion implantation 
does not change a surface configuration (dimensions) of the 
surface (the surface portion of the optical element positioned 
on the recording medium side and including the optically 
effective area F) of the optical element 16 where a high level 
of the accuracy is required. Also, as different from 
the coating method, there is formed no definite boundary 
between the water-repellent portion 40 constituted by the ion 
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panted layer and the portion where the water-repellent 
portion 40 is not provided on the recordin g medium side 
surf ace of the optical element 16, thus the water-repellent 
portion 40 becomes stronger against heat or external 
m echanical force so that the water-repellent portion 40 
constituted by the ion implanted layer will not he separated 
fr om the optical element 16 due to heat or external mechanical 
force. 

The water-repellent portion 40 constituted by the ion 

repellent portion 40 constituted by the coating method 

described above. 

in the aforementioned embodiment, the water-repellent 
portion 40 is constituted by coating an inorganic material 
over at least the optically effective area F of the surface 
portion of the optical element 16, positioned on the recording 
.edium side of the optical element 16, however, it may also be 
constituted by coating various organic materials shown rn 
T able 2 below over at least the optically effective area F of 
the surface portion of the optical element 16 positioned on 
the recording medium side of the optical element 16. The 
thicxness of the coating of the organic material is preferably 
set within a range from about 10 nm to about 50 nm similar to 
that in the aforementioned embodiment. 
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Coating material 


Coating method 


Example 1 


Polytetra 

f luoroethvlene 


Chemical Vapor 
Deposition 


hxamp ic 


Fluoride silane 
surfactant 


Spin coating 


Example 3 


Solvent soluble 
fluorine plastic, 
e.g. "Cytop", a 
trade name of a 
product of AS AH I 
GLASS Co. , Ltd. , 
Tokyo , Japan 


Spin coating 


Example 4 


cj-i 1 icone water- 

Jill V-/±* v — r 

repellent surfactant 


Dipping 


Example 5 


Poly-para-xylene, 
e.g. "Parylene", a 
tradename of a 
product of Three 
Bond Co. , Ltd. , 
Tokyo , Japan 


vapor 

deposition 



There are various kinds of organic coating materials 
having a water-repellent property and capable of being coated 
over at least the optically effective area , of the surface 
portion of the optical element positioned on the recording 
me dium side of the optical element 16 thereby increasing the 
fre edom of selection of such organic materials. For example, 
synthetic resin materials such as PP (polypropylene) , PE 
(polyethylene), and PFA (parf luorealkoxy resin), or, water- 
repellent surfactants which are commercially available and 
applied to wind shields for air crafts or automobiles may be 



used as the organic materials other than those shown in 
Table 2. Suitable water-repellent surfactants are sold under 
the trade name "KS-705F" by Shin-Etsu Chemical Co., Ltd., 
Tokyo, Japan, and the trade name "glaco" by SOFT99 
CORPORATION , Osaka, Japan. Also, the coating method may 
employ, for example, printing other than various coating 
methods shown in Table 2. 

An execution of coating of an organic material usually 
requires no large-scale equipment. Accordingly, it is very 
preferable, for producing a small number of optical elements 
16 with the water-repellent portion 40, to form the water- 
repellent portion 40 by coating of an organic material. 

The effect of the water-repellent portion 40 constituted 
by coating of an organic material will substantially be the 
same as that of the water-repellent portion 40 constituted by 
coating of an inorganic material described above. 

The SIL structure as the optical element 16 with a high 
numerical aperture to which the water-repellent portion 40 
according to the first embodiment and various modifications 
thereof may be a shape in which the other area, except the 
optically effective area F, of the surface portion of the 
optical element 16 positioned on the recording medium side is 
beveled or chamfered as shown in FIG. 3, or a shape in which 
the other area, except the optically effective area F, of the 
surface portion of the optical element 16 positioned on the 
recording medium side is set back from the optically effective 
area F as shown in FIGS. 4A and 4B. 

Also, as shown in FIG. 5, even in the case that a 
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transparent protective film 18b is provided over the recording 
layer 18a of the recording medium 18, the optical pickup 10 
according to the first embodiment and various modifications 
thereof, using the optical element 16 having the water- 
repellent portion 40, and thus featuring the technical spirit 
of the present invention can be applied to the recording 
medium 18 . 
[Second Embodiment] 

Next, referring to FIG. 6, an optical element will be 
described, which is adopted to an optical system of an optical 
pickup according to a second embodiment of the present 
invention in order to increase a numerical aperture of the 

optical system. 

The optical pickup of the second embodiment has the same 
structure as that of the optical pickup 10 of the first 
embodiment, except that the contamination-preventing structure 
provided on the optical element is different from that 
provided on the optical element 16 of the optical pickup 10 of 
the first embodiment. 

Hence, the components of the optical pickup of the second 
embodiment which are the same as those of the optical pickup 
10 of the first embodiment are denoted by the same reference 
numerals denoting the same components of the optical pickup 10 
of the first embodiment, and detailed description thereof will 
be omitted. 

As shown in FIG. 6, the contamination-preventing 
structure of the optical element 16 in the optical pickup of 
the second embodiment is constituted by a contaminant 
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attracting portion 50 provided on an area located outside of 
the optically effective area F in the surface portion of the 
optical element positioned to face the recording layer 18a of 
the recording medium 18. 

The contaminant attracting portion 50 of this embodiment 
is constituted by a surface 52 rougher than the surface of the 
optically effective area F, and has an area greater than that 
of the optically effective area F. 

The rough surface 52 acting as the contaminant attracting 
portion 50 may be formed by etching process. In an example of 
the etching process, after the optically effective area F of 
the surface portion of the optical element 16 positioned on 
the recording medium side of the optical element 16 is covered 
with a mask (not shown) of slightly larger than the optically 
effective area F (about 10 .m in diameter) , chemical etching 
or physical etching is conducted on a portion, which is not 
covered with the mask (not shown) , other than the optically 
effective area F of the surface portion of the optical element 
16 positioned on the recording medium side of the optical 
element 16 . 

In the chemical etching, the other area than the 
optically effective area F masked in the surface portion of 
the optical element 16 positioned on the recording medium side 
of the optical element 16 is slightly dissolved by an etchant 
such as an acid (for example, by drofluoric acid) or an 
alkaline chemical to become the rough surface 52. In this 
case, time required for the chemical etching may preferably be 
set based on the etching rate which is determined depending on 
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the material of the optical element 16. 

in the physical etching, the other area than 
the optically effective area F masked in the surface portion 
of the optical element positioned on the recording medium side 
of the optical element 16 is projected with, for example, an 
ion beam, an electron beam, or a plasma to form the rough 
surface 52. In the case of conducting the physical etching 
with the electron beam, a material of mask used to cover at 
least the optically effective area F is preferably selected 
such that the optically effective area F is not affected by 

the electron beam. 

With such etching process, the rough surface 52 having a 
surface roughness pitched as small as a molecular size can be 
formed. The surface roughness can be expressed by a surface 
energy (a contaminant attracting capability) based on a 
contact angle of water. In this case, a level of the surface 
roughness of the rough surface 52 is set at the contact angle 
of 60 degrees or less, preferably at 30 degrees or less, and 
more preferably 10 degrees or less. Since the surface 
roughness of the rough surface 52 is so set that the contact 
angle of water is so small as described above, the rough 
surface 52 having the surface energy (the contaminant 
attracting capability) much higher than that of the optically 
effective area F can be provided. 

After the etching process described above is completed 
and the mask is removed, the resultant rough surface 52 
appears whiter and rougher on the surface portion of the 
optical element 16 positioned on the recording medium side of 
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the optical element 16 other than the optically effective area 
F which has a mirror-like surface. 

As understood from the above description, the optical 
element 16 in this embodiment has the rough surface 52 
provided other than the optically effective area F on the 
surface portion facing the recording medium 18, and having the 
surface energy (the contaminant attracting capability) which 
is higher than that of the optically effective area F. 
Therefore, contaminant (e.g. vapor, organic materials, or 
dusts in the air) scattered from the recording medium 18 which 
is rotated at a high speed during the recording and/or 
reproducing information on the recording medium 18 is strongly 
attracted to the rough surface 52 whose surface energy being 
higher than that of the optically effective area F, and are 
preferentially attached to the rough surface 52. Accordingly, 
contaminant are prevented from attaching and depositing on the 
optically effective area F. As a result, a decrease in the 
optical properties of the optical element 16 due to 
contaminant is prevented, and the optical pickup 10 of this 
embodiment can stably perform recording and/or reproducing 
information on the recording layer 18a of the recording medium 
18 for a long period of time. 

The present invention is not limited to the 
aforementioned embodiment, and various modifications such as 
explained below will be possible. 

The optically effective area F of the surface portion of 
the optical element 16 positioned on the recording medium side 
of the optical element 16 may be applied with a coating having 



another optical effect such as anti-reflection. In this case, 
the etchant for the contaminant attracting portion 50 is 
preferably selected from materials which does not affect the 

coating material. 

The optically effective area F on the surface portion of 
the optical element 16 positioned on the recording medium side 
of the optical element 16 may be applied with a coating with a 
water-repellent property, similarly to the first embodiment. 
Applying of the coating with the water-repellent property to 
the optically effective area F further improves the 
contamination preventing effect to the optically effective 
area F. 

As shown in FIGS. 7A and 7B, the contaminant attracting 
portion 50 may be constituted by a plurality of grooves 54 
(for example, six as shown in the figures) formed outside of 
the optically effective area F in the surface portion of the 
optical element 16 positioned on the recording medium side of 
the optical element 16. In these figures, the same numbers of 
the plurality of grooves 54 have been respectively allocated 
to both sides of the optically effective area F, but different 
numbers of the grooves 54 may be respectively allocated to 
both of the sides of the optically effective area F. 

These grooves 54 may be formed by applying mechanical 
cutting process to the other area than the optically effective 
area F in the surface portion of the optical element 16 
positioned on the recording medium side of the optical element 
16. 

Since these grooves 54 causes the surface energy of the 
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attracting portion 50 to be higher than that of the optically 
effective area F, contaminant (e.g. Vapor, organic materials, 
or dusts in the air) scattered from the recording medium 18 
which is rotated at a high speed during performing the 
recording and/or reproducing information is strongly attracted 
by the plural grooves 54 of the attracting portion 50 whose 
surface energy is high, and are preferentially attached to 
these grooves 54. Accordingly, the contaminant is prevented 
form attracting and depositing on the optically effective area 
F. As a result, a decrease in the optical properties of the 
optical element 16 due to contaminant does not occur, and the 
optical pickup 10 of the second embodiment can stably perform 
recording and/or reproducing information on the recording 
layer 18a of the recording medium 18 for a long period of 
time . 

According to this modification, the more the number of 
the grooves 54 of the attracting portion 50 increases, the 
higher the surface energy (the contaminant attracting 
capability) of the attracting portion 50 increases. 

It is preferable that the plural grooves 54 are formed to 
extend along a tangential direction relative to a recording 
track (not shown) formed on the recording layer 18a of the 
recording medium 18 (See FIG. 1) . When the optical element 16 
comes very close to the recording layer 18a of the recording 
medium 18 rotated at a high speed, for performing recording 
and/or reproducing information on the recording layer 18a of 
the recoding medium 18, the grooves 54 cause the air flow 
between the surface portion of the optical element 16 
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positioned on the recording medium side of the optical element 
16 and the recording layer 18a of the recording medium 18 to 
straighten (to hard to become a turbulent flow), hence, the 
floating amount of the optical element 16 due to the above air 
flow from the recording layer 18a of the recording medium 18 
is stabilized. Accordingly, the accuracy of recording and/ or 
reproducing information on the recording layer 18a of the 
recording medium 18 via the optical element 16 is improved. 

Further, the groove 54 may desirably be modified in the 
shape, length, depth, and the like, depending on the purpose 
of the groove 54. 

Further, as shown in FIGS. 8A and 8B, the contaminant 
attracting portion 50 can be structured by forming a square 
shaped projection 56 projecting towards the recording layer 
18a of the recording medium 18, on a portion including at 
least the optically effective area F in a surface portion of 
the optical element 16 positioned on the recording medium side 
of the optical element 16. 

The projection 56 may be formed integral with the optical 
element 6 during producing of the optical element 6, or formed 
by mechanically cutting the other area than the optically 
effective area F in the surface portion of the optical element 
16 positioned on the recording medium side of the optical 
element 16 after the optical element 16 has been formed. The 
projection 56 is preferably formed to extend in a direction 
across the rotating direction S of the recording medium 8. 

When the optical element 16 comes very close to the 
recording layer 18a of the recording medium 18 rotated at a 
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high speed for performing recording and/or reproducing 
information on the recording layer 18a of the recording medium 
18, the projection 56 formed on the surface portion of the 
optical element 16 positioned on the recording medium side of 
the optical element 16, narrows an air flow passage between 
the surface portion of the optical element 16 positioned on 
the recording medium side of the optical element 16 and the 
recording layer 18a of the recording medium 18. Thus, the air 
flow, which flows between the surface portion of the optical 
element 16 positioned on the recording medium side of the 
optical element 16 and the recording layer 18a of the 
recording medium 18 while the recording medium 18 is rotated 
at a high speed during the recording and/or reproducing 
information on the recording layer 18a of the recording medium 
18 is performed, is increased in its flow speed and pressure 
in the portion including the optically effective area F, on 
which the projection 56 is provided. Since contaminant 
scattered from the recording medium 18 rotated at the high 
speed is blown off from the optically effective area F by the 
air flow increased in its speed and pressure, contaminant is 
prevented from adhering and depositing on the optically 
effective area F. As a result, lowering of the 
optical properties of the optical element 16 due to 
contaminant does not occur, the optical pickup 10 of this 
embodiment can stably perform recording and/or reproducing 
information on the recording layer 18a of the recording medium 
18 for a long period of time. 

The projection 56 may be modified in its plain 



configuration or projecting amount depending on a purpose of 
application thereof. For example, as shown in FIGS. 9A and 
9B, when the projection 56' or 56" is formed, which has the 
plain surface configuration the center portion of which in its 
extending direction is narrowed, the air flow bn the recording 
layer 18a of the recording medium 18 rotated at a high speed 
is concentrated in the narrowed center portion during the 
recording and/or reproducing information is performed on the 
recording layer 18a, thereby further increasing the speed and 
pressure of the air flow in the portion including the 
optically effective area F on which the projection 56 is 
provided. 

The contaminant attracting portion 50 may be constituted 
with a thin film 58 of metallic oxide as shown in FIG. 10. 
The metallic oxide in this embodiment preferably includes, for 
example tantalum oxide, silicon oxide, titanium oxide, 
zirconium oxide, aluminum oxide and the like. 

The thin film 58 is formed, for example by vapor 
deposition (chemical vapor deposition, physical vapor 
deposition) of the metallic oxides on the area except the 
optically effective area F of the surface portion of the 
optical element 16 positioned on the recording medium side 
thereof, after covering the optically effective area F of the 
surface portion of the optical element 16 positioned on the 
recording medium side of the optical element 16 with a mask 
(not shown) which is slightly larger (about by 10 m) in its 
diameter than the optically effective area F. The thin film 
58 has a high surface energy (the contaminant attracting 
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capability) whose contact angle of water is 10 degrees or 
less . 

The thin film 5 8 has the surface energy (the contaminant 
attracting capability) which is much higher than that of the 
optically effective area F, thus, the contaminant (e.g. vapor, 
organic materials, or dusts in the air) scattered from the 
recording medium 18 rotated at a high speed during recording 
and/or reproducing information on the recording layer 18a of 
the recording medium 18 is performed is strongly attracted to 
the thin film 58 and are preferentially attached on the thin 
film 58. Therefore, the adhering and deposition of the 
contaminant on the optically effective area F is prevented and 
the optical properties of the optical element 16 does not be 
lowered due to the contaminant. Accordingly, the optical 
pickup 10 of this embodiment can stably perform recording 
and/or reproducing information on the recording layer 18a of 
the recording medium 18 for a long period of time. 

Incidentally, like the case of the various water- 
repellent portions 40 in the first embodiment and its various 
modifications of the above-mentioned invention, the various 
contaminant attracting portions 50 in the second embodiment 
and its various modifications which have been described with 
reference to FIGS. 6 to 10 are applicable to a SIL serving as 
the optical element 16 having a shape in which the area other 
than the optically effective area F in the surface portion of 
the optical element 16 positioned on the recording medium side 
is beveled or chamfered as shown in FIG. 3 , or a SIL serving 
as the optical element 16 having a shape where the area other 
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than the optically effective area F in the surface portion of 
the optical element 16 positioned on the recording medium side 
is set back from the optically effective area F as shown in 
FIG . 4A or 4B. 

Also as illustrated in FIG. 11. even when a transparent 
protective film 18b is provided over the recording layer 18a 
of the recording medium 18, the optical pickup 10 according to 
the second embodiment and the modifications thereof, using the 
optical element 16 provided with the contaminant attracting 
portion 50, and thus featuring the technical spirit of the 
present invention can be applied to the recording medium 18. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention 
in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their 
equivalents . 



